It is widely acknowledged that land use changes (LUC) associated with climate variations are affecting the human wellbeing. This paper conducted a revisit to relevant researches on the impacts of LUC on human wellbeing via specifically altering the ecosystem provisioning services. First, the explorations on the influences of LUC on ecosystem provisioning services were reviewed, including the researches on the influences of LUC on agroecosystem services and forest and/or grassland ecosystem services. Then the quantitative identification of the impacts of LUC on ecosystem provisioning services was commented on. In the light of enhanced observation and valuation methods, several approaches to ecosystem services and improved models for assessing those ecosystem services were assessed. The major indicators used to uncover the influences of LUC on human wellbeing were summarized including the increase of inputs and the reduction of outputs in production and the augmented health risk induced by the irrational land uses. Finally, this paper uncovered the research gaps and proposed several research directions to address these gaps.
Introduction
The relationship between human activities and ecosystems has been discussed for many years by both natural and social scientists. LUC and climate variations and their effects on ecosystems have been core issues of the International Geosphere-Biosphere Program (IGBP) and International Human Dimensions Program on Global Environmental Change (IHDP). As two interacting processes, LUC and climate variations influence each other. On one hand, climate variations affect human activities, which indirectly exert influences on LUC, and on the other hand, LUC caused by humans accelerate influences on climate variations. Meanwhile, all these changes exert impacts on ecosystems together. In recent years, ecosystem services have been considered as an entry point of science to uncover the human and nature coevolution processes. Ecosystem services represent the benefits that living organisms derived from ecosystems to maintain the earth's life support system and emphasize the role of humans in socioecological systems, which include supporting services, regulating services, provisioning services, and cultural services [1] . As the global population grows and its consumption patterns change, additional land will be required for living space and agricultural production. Then the knotty question facing global society is how to meet humans' growing demands for living space, food, fuel, and other materials while sustaining ecosystem services and biodiversity under LUC and climate variations. Numerous studies have shown that LUC and climate variations affected the structure and function of ecosystems and then affected the supply of ecosystem services [2] [3] [4] . LUC might increase the provision and value of some services but decrease others [5] . Land use decisions that intend to maximize a single outcome such as agricultural production or timber production are likely to generate an accompanying decline in the provision of other services [1] .
It is well known that ecosystems provide necessary services for the livelihoods and human wellbeing through various ecosystem services, which directly or indirectly sustain the quality of human life. While LUC and climate variations have effects on those various ecosystem services in space and time, which are mainly presented through agroecosystem and forest and/or grassland ecosystems. As to agroecosystem services, it would definitely be weakened if the cultivated land was degenerated and the climate variations were intensified remarkably, which would result in the loss of food production. It is the same to the forest ecosystem services and the grassland ecosystem services. Nowadays there is considerable uncertainty about the values of ecosystem services, which are of great importance to be identified [6, 7] .
Ecosystems play an important role in providing goods through provisioning services, which is the most apparent connection between ecosystem services and human wellbeing [8] . Provisioning services are manifested in the goods people obtain from ecosystems such as food and fiber, fuel in the form of peat, wood or nonwoody biomass, and water from rivers, lakes, and aquifers. These goods may be provided by heavily managed ecosystems, such as agroecosystem and plantation forests. Thus, provisioning services are the focus of human activities. When humans derive overmuch provisioning services from nature, it will put both ecosystems and humans at risk. The effects of LUC and climate variations may increase changes in ecosystem services delivery [9] . As to the impacts of climate variations on human wellbeing, it can aggravate the situation for food security by increasing risks of crop failure because of the higher frequency of extreme events and progressive changes of climate [10] . In addition, as some ecosystem services decline, some new human actions, such as the excessive use of fertilizers and pesticides, have had adverse impacts on ecosystems and further on human wellbeing [11] . Studies on the impacts of LUC and climate variations on ecosystem provisioning services and the impacts of provisioning services changes on human wellbeing will provide scientific and theoretical basis for global policy making.
Comprehensive understanding and acknowledgements of main research progress about the relationship between human activities and ecosystems and the influence on human wellbeing via altering the ecosystem services are of great significance to guide future studies and further policy making. Thus this paper integrated previous studies to conduct a revisit to the impacts of LUC and climate variations on the human wellbeing via altering the ecosystem provisioning services (Figure 1 ). In this paper, Section 2 reviewed the exploration on the functions of LUC and climate variations on ecosystem provisioning services. Climate variations related to ecosystem services can be expressed by changes in temperature, precipitation, heat flux and some abnormal climate, and so forth. LUC related to ecosystem services include cultivated land reclamation, afforestation and deforestation, grassland degeneration, and built-up land expansion. The changes of them would have impacts on ecosystem services, including regulating services, provisioning services, supporting services, and cultural services. In addition, the altering of the provisioning services of agroecosystem and forest and/or grassland ecosystems was explored and commented on. In Section 3, the quantitative identifications of LUC and climate variations impacts on ecosystem services were reviewed. The enhanced observation and valuation approaches of ecosystem services and improved models for assessing ecosystem services were illustrated. In Section 4, the major indicators used to uncover the influences of ecosystem services changes on human wellbeing were revisited via the increased inputs with reduced outputs in production and the augmented health risk induced by the irrational land uses. As to Section 5, some research gaps were identified; the research needs and research prospects in further studies were also refined.
Exploration on the Functions of LUC on Ecosystem Provisioning Services
The ecosystems can provide a variety of direct and indirect services to humans and other living organisms, and those services can be affected by climate variations and human activities, especially human-induced LUC [12] [13] [14] . Some studies have shown that LUC and climate variations are amongst the greatest global environmental pressures resulting from anthropogenic activities, which significantly influence the provision of crucial ecosystem services, such as carbon sequestration, water flow regulation, and food and fiber production, at a variety of scales [15] . In the researches of the relationship between LUC and ecosystem services, the analyses of the impacts of LUC on ecosystem services were usually conducted from the aspect of land use quantity and structure changes. Some studies have indicated that the diversification of land use would help to improve ecosystem services [16, 17] . In addition, combined effects of LUC and climate variations may change ecosystem services, especially the food provision and water yield of agroecosystem, forest and/or grassland ecosystems [18, 19] .
Influences of LUC on the Agroecosystem Services.
As a kind of specific complex manual-natural ecosystem, agroecosystem not only has efficient and direct production function, but also the function of environmental services, tourism services, and aesthetic services [20] . Agriculture is a dominant form of land management globally, and agroecosystem covers nearly 40% of the terrestrial surface of the earth [11] . Agroecosystem is faced with severe challenges under the context of global warming and the intensive human-induced LUC.
More and more current studies have shown that LUC especially rapid urbanization has already directly or indirectly affected the food provisioning services of agroecosystem [21, 22] . The quality and quantity changes of agricultural land have potential effects on provision services of agroecosystem. However, some studies have shown that agricultural land use has degraded the soil, water, NPP, and the biological assets in agroecosystem to such an extent that the restoration of natural capital and rehabilitation of ecosystem services are needed through changes in land use and management [23] . A primary reason for this degradation is the failure of agricultural commodity markets to internalize Advances in Meteorology environmental costs associated with land use and management decisions. The LUC especially the excessive reclamation of cropland and the intensive agriculture land use exert potential effects on biodiversity conservation of agroecosystem, which will influence the stability of provisioning services in agroecosystem. Some studies have indicated that the rapid expansion and intensification of row crop production have resulted in the loss of habitat and spatial heterogeneity in agroecosystem, which affects the ecosystem provisioning services [24] . Land use conversion from natural lands to croplands, grazing lands, and urban areas has been increased over time, resulted in reduced or modified biodiversity, altered functional processes, and diminished provision of ecosystem goods and services to society globally [25] [26] [27] . Some studies also indicated that the intensive agricultural development could change land use, which can further affect regional ecosystem services [28] .
Influences of LUC on the Ecosystem Services from Forest
and/or Grassland. Forest and grassland ecosystems are indispensable constituent parts of terrestrial ecosystems which play important roles in global climate variations. Climate variations affect the water yield of forest and/or grassland ecosystems via its direct influence on precipitation and evaporation process of atmosphere hydrologic cycle. LUC including converting grassland or shrub lands to plantations, afforestation and reforestation, are gaining attention globally and will alter many ecosystem processes, including water yield of forest and grassland ecosystems [18, [29] [30] [31] . Changes in the extent and composition of forest, grassland, wetland, and other ecosystems have large impacts on the biophysical conditions, which further affect the provision of ecosystem services, biodiversity conservation. The LUC influence the water yield of ecosystems through changing the transpiration, interception, and evaporation, all of which tend to increase when grassland or scrubland are replaced with forests. Transpiration rates are influenced by changes in rooting characteristics, leaf area, stomata response, plant surface albedo, and turbulence [32, 33] .
Much progress has been made to understand the effect of LUC on water yield of forest ecosystems during the past century all over the world, the results of which generally indicated that LUC have both positive and negative effects on water yield. For example, clear-cutting forests in the US may result in the increase in annual water yield [34, 35] . The vegetation restoration will have positive effects on watershed health by reducing soil erosion and nonpoint source pollution, enhancing terrestrial and aquatic habitat, and increasing ecosystem carbon sequestration [19] . Some studies also indicated that vegetation changes, particularly those involving transitions between forests and grasslands dominated covers, often modify evaporative water losses as a result of plant-mediated shifts in moisture access and demand. And massive afforestation of native grassland have strong yet poorly quantified effects on the hydrological cycle [18] . Since forests with well-developed root systems cost plentiful ground water and soil water, it can save plenty of water to convert forest into short seasonal crops. To plant abundant pasture instead of forest in catchment areas is becoming a widely used method to increase water yield.
Quantitative Identification of the Impacts of LUC on Ecosystem Services
Many ecologists and natural scientists study ecosystem processes to understand ecosystem services across different landscapes via quantifying ecosystem services [36] . Quantification and valuation of services, if linked with payments or incentives, can enhance policies and regulations that properly reward decisions that yield public benefits. It is well known that ecosystems are essential to the existence of humans, while ecosystem services are typically not priced correctly at their value because of absence of markets for ecosystem goods and services and inadequate or nonexistent information about the value of goods and services [37] . There are many studies evaluating the impacts of LUC on ecosystem services in both developed and developing countries [38, 39] . To sum up the quantitative researches so far, we found that there are two kinds of methods to value the ecosystem services, namely, observations based on remote sensing and GIS technology and modeling approaches.
Enhanced Observation and Valuation Approaches of Ecosystem Services.
The historical ecosystem services value could be reflected by remote sensing along with a GIS-based model (GEOMOD) since LUC are of the upper most driving forces of regional ecosystems and have huge impacts on ecosystem services value. Remote sensing provides reliable area-wide data for quantifying and mapping ecosystem services at comparatively low costs and with the fast, frequent, and continuous observations for monitoring. GEOMOD model is a kind of method and technique to allocate LUC spatially and to evaluate its impact on ecosystems simply and transparently. The selection of indicators to be used in the analyses of potential impacts of LUC is the main challenge after obtaining the remote sensing data. The valuation of different ecosystem services and the spatial-temporal monitoring of their respective changes can provide useful indicators of the potential impacts of LUC. Generally speaking, as the ecosystem services values were different for each land use category [40] , Costanza et al. (1997) first attempted to estimate the ecosystem services value coefficients [4] , then many researches use the same approach in order to quantify and map the ecosystem services values at global or regional scales [41] [42] [43] . Although there are many potential conceptual and empirical problems and limitations to estimate the ecosystem services values [44, 45] , the magnitude of the estimated ecosystem services values changes in the LUC is substantial. Thus, it may still be possible to draw general inferences about the effect of the perceived LUC on the estimated ecosystem services values.
Improved Models for Assessing Ecosystem Services.
More and more ecosystem services values were assessed by models Advances in Meteorology 5 around the world in recent decades, and it seems to have become a trend to assess various ecosystem services with models. To avoid the weakness of common assessment models used before, some improved approaches or models were formed to assess the ecosystem services values, including the Millennium Ecosystem Assessment (MEA) approach [46] , Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) [44] model, and the UK National Ecosystem Assessment [47] .
The Millennium Ecosystem Assessment (MEA) was set up in 2000, it is the first time to provide a comprehensive picture of past, present, and possible future trends in ecosystem services and their values and propose corresponding measures. Many researchers have assessed the ecosystem services at national scale with framework of MEA. They have valued the agricultural ecosystem services, forest ecosystem services, and grassland ecosystem services in China [48] . For instance, 17 ecosystem services in 18 categories of grassland ecosystem in China have been assessed [49] . Exploring the researches between LUC and ecosystem services, we found that most studies analyzed the impacts by analyzing the quantity and structure change of land use. It is generally acknowledged that the provision of ecosystem services depends on biophysical conditions and changes over space and time due to humaninduced LUC. Spatial patterns of LUC can be linked to large regions and provide direct measures of human activities [50] .
The InVEST model has been widely used in valuating ecosystem services values [45, 48, 51] . The model uses maps and tabular data of land use and land management in conjunction with environmental information, such as soil, topography, and climate, to generate spatially explicit predictions of the ecosystem services. InVEST model estimates the provision and value of ecosystem services under alternative land use scenarios. Economic information about demand for ecosystem services can be combined with biophysical supply to generate predictive maps of services use and values [6, 45] . InVEST model also analyzes the impacts of land use and land management on species habitat provision and quality. Thus, the model provides a powerful tool for quantifying and valuing multiple ecosystem services and assessing the impacts of LUC. By varying land use or land management and evaluating the corresponding output with InVEST, we can provide useful information to managers and policy-makers to weigh the tradeoffs in ecosystem services, biodiversity conservation, and other land use objectives.
The UK National Ecosystem Assessment (UK NEA) is the first analysis of UK's natural environment in terms of the benefits it provides to society and the nation's continuing prosperity. It has been a wide-ranging, multistakeholder, cross-disciplinary process, designed to provide a comprehensive picture of past, present, and possible future trends in ecosystem services and their values; it is underpinned by the best available evidence and the most up-to-date conceptual thinking and analytical tools, which can be applied to assess the ecosystem services values aimed to describe the changes of key drivers that affect UK's ecosystems, including changes in land use and climate. The UK NEA distinguished between the ecosystem processes and intermediate ecosystem services and the final ecosystem services that directly deliver welfare gains and/or losses to people. This distinction is important to avoid double counting in the valuation of ecosystem services [52] . As the researches go on, the UK NEA would have a broad application prospect to assess the impacts of human activities on ecosystem services.
At any rate, ecosystem services play an important role in maintaining the balance of global ecosystems and improving human living environment. Quantifying and mapping those ecosystem services is necessary to periodically determine the response of ecosystem services to global change, such as LUC and climate variations. Those approaches and models, though being widely used to quantify and map the ecosystem services values around the world, still have potential to be improved in order to get more accurate assessment results. In addition, so far there is still no assessment system and method that has been commonly approved by researchers. Therefore, it is still a hot issue to study the assessment of ecosystem services values to clarify the relationship between LUC and ecosystem services.
Major Indicators Used to Uncover the Influences of Ecosystem Provisioning Services on Human Wellbeing
Ecosystem services are essential for the maintaining of human wellbeing and the links between ecosystem services and human wellbeing are complex, diverse, and complicated to assess properly with the consideration of different spatial and temporal scales [53] . Healthy ecosystems provide services that are the foundation for human wellbeing including the provision of resources for basic survival, such as clean air, water, and genetic resources for medicines, along with the provision of raw materials for industry and agriculture [54] . Thus, the degradation and loss of ecosystem services have negative effect on human wellbeing. On one hand, the degradation and loss of ecosystem provisioning services will increase the inputs in production to recover reduced outputs in the ecosystems. On the other hand, the degradation and loss of provisioning ecosystem services will increase the human health risk.
Increased Inputs with Reduced Outputs in Production.
Ecosystems are changed by the LUC and climate variations, all of which may reduce or increase the supply of ecosystem services temporarily or permanently. Some evidences have shown that the climate variations and human activities especially LUC have changed agricultural and natural ecosystems more rapidly and extensively over the last 50 years [1] . The MA reported that 15 of the world's 24 ecosystem services are in decline, which have affected human wellbeing and threaten the survival of other species. The declining ability of the earth's systems to meet the needs of a growing population and sustain the life support systems of the planet is a very urgent and serious issue. Due to the impacts of climate variation and LUC on agroecosystem services, the outputs humans obtained in agricultural production will decrease, including the food production and water yield. Therefore, humans would input more production factors such as fertilizers and 6
Advances in Meteorology pesticides in the process of food production and invest more in search of more water resources to sustain the continual ecosystem provision of human wellbeing. The development of novel chemicals and new technologies during the last century has supported the modern agricultural revolution, resulting in an increase in food production and harvest rates [55] . Some studies have indicated that the application of fertilizers (such as the nitrogen application) and pesticides in some regions increased rapidly to meet the demands for greater food production needs [56, 57] . The increasing use of these chemicals and technologies removed the constraint of nutrient limitation for crop growth, as well as competitive pests and weeds, resulting in increased outputs. However, on the other side, these increased outputs are at the cost of the reducing ecosystem services, especially the provisioning services. Thus, human wellbeing would be weakened. With the ecosystem services changing, governments have supplied subsidies and grants to adjust personal and business behavior.
Augmented Health Risk Induced by the Irrational Land
Uses. Ecosystem services can support the fundamental need of human wellbeing in a variety of ways. The changes of ecosystem services would both directly and indirectly put the humans' health at risk through the insufficient provision of food and fresh water, inorganic chemicals and persistent organic chemical pollutants in food and water, and infectious disease caused by ecosystem services loss [58] . Besides, the indirect health risk was caused by the irrational land uses.
The insufficient accesses to the ecosystem provisioning services of food production and water yield are particularly important factors leading to the health risks in human wellbeing. Some studies have indicated that a lack of access to the ecosystem provisioning services of food causes far more than physical harm, it may put thousands of millions of people in mental and physical potential risks by reducing intelligent and physical growth, in some cases from the moment of human conception [59] . Undernutrition was recently assessed as an underlying cause of death each year worldwide, which is particularly common in sub-Saharan Africa and South Asia, especially in India [60] . Vegetation especially the grass and forest is important for the interception of water. Some studies have shown that about 1 billion people were affected by land degradation caused by soil erosion, waterlogging, or salinity of irrigated land.
Humans are also at risk due to inorganic chemicals and persistent organic chemical pollutants in food and water and the infectious disease caused by ecosystem services loss [58] . Some studies indicated that human actions, for example, releasing toxic chemicals into the environment or using pesticide and chemical fertilizer, will pollute the water and food, which can have adverse effects on various organ systems [61] . Some evidence indicated that some chemicals from pesticide and chemical fertilizer have increased the microbial contamination of drinking water, which has led to the infectious diseases accounting for approximately 6% of all deaths globally [58] . The pattern and extent of change in incidence of particular infectious disease depends on the particular ecosystems affected, such as type of LUC. Some studies showed that climate changes and some LUC, such as deforestation, might alter infectious disease patterns [62, 63] . There have been lots of studies to investigate the influence of the increased income and the health risk of human wellbeing, which will be helpful to profoundly understand the influence mechanism and extent of the degradation of ecosystem services on human wellbeing.
Concluding Remarks
Based on current researches about the effects of LUC and climate variations on ecosystem services, we mainly focus on ecosystem provisioning services and the influence of the changes in provisioning services on human wellbeing. Firstly, we explored the researches on identification and quantification of the impacts of LUC on ecosystem services values and later examined how the impact on ecosystem provisioning services affects human wellbeing through analyses of the increased inputs and the reduced outputs of agricultural production and the augmented health risk of humans.
So far, there are still some researches to be done to uncover the impacts of LUC and climate variations on human wellbeing via ecosystem provisioning services. First of all, the current researches are focused on the ecosystem services values but the mechanisms through which LUC and climate variations influence ecosystem services are still not well understood. However, this is of great significance to the sustainable development of human wellbeing. Secondly, there would be uncertainty involved when the remote sensing data were used for quantifying and mapping ecosystem services. Therefore, validating the reliability of the results obtained by using remote sensing in quantifying and mapping ecosystem services needs to be done in further researches. As to the impacts of ecosystem services changes on human wellbeing, more researches on quantification of these impacts need to be done to make the research more comprehensive.
It has been shown by research practice that the assessment of ecosystem services was useful to the setting of strategies and policies, with potentially far-reaching influence on human activities. Thus, further researches are needed to focus on the following three issues. First, there is a need to formulate a set of thorough and normative method to assess ecosystem services values and improve the accuracy of assessment results. Second, an in-depth process-based analysis of the relationship between human activities and ecosystem services function is needed. Third, there is an urgent need to promote the application of ecosystem services values in various aspects of production, livelihood, and government decision-making and eventually serve for human wellbeing.
